INTRODUCTION
The Calmanisation of United Kingdom (UK) surgical training and adoption of the European working time directive (EWTD) have resulted in shorter training times. The experience gained by a trainee upon completion of training has dropped from a pre-Calman total of up to 30,000 to only 8,000 hours. [1] With the recent implementation of the 48h working week even larger teams of non-consultant surgeons are required to provide compliant rotas and a further drop to 6,000h is envisiaged. [2] 90% of junior doctors consider training to have deteriorated [3] and the impact on surgical trainees, particularly with regard to the reduction of training opportunities is widely recognised. [4] [5] [6] These changes have emphasised the importance of finding ways to improve the efficiency of surgical training.
Technical advances including instrument miniaturisation and wider availability of expertise has resulted in a broad range of laparoscopic procedures being available to children and infants. Anecdotal evidence and large series suggest that the laparoscopic treatment of inguinal hernias in the first year of life is safe and effective. [7] It allows inspection of the contralateral deep ring which, given an operation rate for contralateral hernia of 7%, [8] is seen as an advantage by many. The results of a multicentre study comparing laparoscopic to open inguinal hernia repair [9] are awaited. For the paediatric surgery trainee with basic laparoscopic skills, repair of the infant inguinal hernia may be a suitable target as an "entry level suturing laparoscopic procedure". The majority of middle grade trainees have the technical skills to perform the open procedure but difficulties in the anatomical dissection are not uncommon. By comparison, the laparoscopic approach simplifies the anatomy and the surgical objective is clear (circumferential suture to close the patent processus vaginalis), but many trainees lack the necessary skills to carry this out.
Laparoscopic surgery requires different skills to those used in open surgery. [10, 11] These skills can only be acquired through hands on training and regular practice. [12, 13] Ex vivo laparoscopic training models have previously been validated. These models have been shown to differentiate between paediatric surgery trainees with varying levels of laparoscopic experience [14] and help improve generic laparoscopic skills. [15] However, no simple procedure specific training models have been reported. To facilitate the acquisition of these laparoscopic skills we have modified the "double glove" model, previously used to assess/develop generic laparoscopic skills, into a specific laparoscopic hernia trainer (LAPHERT).
MATERIALS AND METHODS
A multi-centre prospective evaluation of the model was carried out. All paediatric surgical trainees from 6 centres in London where invited to participate. A supervising consultant and local co-ordinating trainee where recruited for each centre. To ensure standardisation of the model and protocol an instructional DVD was shown to all trainees in each of the centres during an introductory presentation by the principle investigator and reinforced regularly by personal contact and presentations at a monthly regional paediatric surgery meeting.
The model was a modified version of the "double glove" reported by Nataraja [14, 15] -itself adapted from Kumar et al. [16] Briefly; a standard small blue latex-free glove enclosed in an outer white latex glove. The inner glove is filled with 250mls of water and both are sealed at the wrist. A circular hole is cut in the centre of the palm of the outer glove to represent the hernial defect. This hole is created by drawing around a 5 pence piece with a ball point pen. This pen line is then retraced on its inner aspect with a thick black marker pen. Finally the hole is cut from the outer glove around the inside of this black, thicker circle. Next 2  1 cm lengths of standard builder's fine twine are affixed with liquid adhesive glue (UHU ® ) to the inner blue glove at the 6 and 7 o' clock positions, ensuring half their length protruded into the "hernial" defect, to represent the testicular vessels and the vas deferens respectively at the left deep inguinal ring. Although the model can represent both anatomical sides, for standardisation we only used a left sided model with the fingers of the glove always to the right [ Figure 1 ].
To perform the exercise, trainees placed the model inside a laparoscopic bench trainer securing the thumb with tape to a pre-positioned empty suture box. This ensured stability of the model during the repair. A round bodied, 20 mm 4.0 monofilament polypropylene sutures (prolene) was cut to a length of 15cm and placed in the bench trainer in front of the model. A clockwise circumferential suture was then placed starting from the 2 'o' clock position and continued around the hernial orifice ensuring no damage to the underlying, water filled glove or the vas and vessels. An intra-corporeal knot was tied to close the defect. The times taken to complete the circumferential purse string suture (procedure specific task) and to tie the knot (generic skill) were recorded. These were combined to give an over all time for exercise completion. Timing commenced once the suture was picked up by the needle holder. The repair was considered complete upon cutting the suture. The accuracy with which the repair was completed was measured via a score chart [ Table 1 ]. Seven distinct recordable aspects of the repair were identified and trainees asked to rate their performance of each aspect from 1 to 3. Adding together the scores gave the final accuracy total (best 7, worst 21).
Trainees were asked to complete as many repairs as possible, but not more than 2 on any one day. Each had ready access to the box trainer and other necessary equipment. Pre-prepared models were made available to them by the local co-ordinating trainee. Consultants who regularly carry out live laparoscopic hernia repair completed repairs to provide benchmark expert timings and scores.
Statistical analysis was performed on GraphPad Prism Version 5. Non-parametric tests were used with values less than 0.05 deemed as significant. 
RESULTS
Twenty three trainees from 5 centres completed 192 repairs, 16 (70%) completed 5 repairs or more. Of these 10 went on to perform 10 or more repairs. 10 expert repairs were completed for comparative purposes. All trainees showed significant improvements in both the timings to perform the tasks and the accuracy of the repairs. The time to complete the purse string suture reduced for all trainees with increasing number of attempts. With regard to trainees who completed 10 repairs, there was a highly significant improvement in the time taken to complete their tenth purse string compared to their first [ Figure 2 ]. All trainees also improved in the time taken to complete an intracorporeal knot with increasing number of attempts. Again, for trainees who completed 10 repairs, there was a highly significant difference in the time taken to complete their first knot compared to their tenth [ Figure 3 ]. Similarly, there was an improvement in the accuracy of repair [ Figure 4 ]. Comparing the 10 th scores of trainees with the consultant benchmark scores, there was no difference in speed or accuracy [ Figures 5 and 6 ].
DISCUSSION
The time available for current paediatric surgery trainees to acquire surgical competence has been significantly reduced. In this time limited training era, there is understandable interest in improving efficiency. [4] [5] [6] Surgical training remains an apprenticeship during which time appropriate skills are learned by repetition. Although many of the skill sets required to be surgically competent are recognised to be different from open surgery [10, 11] the importance of repetition is true for laparoscopic procedures also. [17] Systems that allow some or all of the recognised learning curve to be achieved outside the operating theatre are an attractive option in balancing the often conflicting needs of training and service delivery. Trainees score the accuracy of their completed repairs using this table. Each of the 7 aspects of the repair is scored 1 to 3 as outlined here. Adding together the scores for each aspect provides an overall "accuracy score" (best 7, worst 21). Evaluation of the LAPHERT provides additional evidence that repetitive training leads to the acquisition of skills along a definable Ex vivo learning curve. Construct validity has been demonstrated by the difference between expert scores and first trainee times and accuracy. In previous randomised controlled trials with novice surgeons assessing the transferability of technical skills acquired on other simulator training models, the novices showed significantly better performance during live surgery. [18] [19] [20] It has been suggested that it is necessary to perform between 30 and 35 repetitions of a task to achieve maximum benefit. [20] This study demonstrates that after 10 attempts trainees are performing all aspects of the task as quickly and accurately as the experts who were experienced consultant paediatric surgeons routinely performing laparoscopic hernia repairs in children. The implication is that after this number of attempts, the average paediatric surgery trainee could successfully transfer these skills to patients. While initially, this may appear a lower threshold than recommended by other studies such as that by Scott who also recommend over 30 procedures for maximum benefit, [21] further analysis of this study using medical students and surgical residents confirms that, consistent with our findings, substantial progress had been made by the 10 th attempt at the laparoscopic tasks set. While there is limited consensus as to what constitutes laparoscopic competence for different procedures [22] and individual trainees vary substantially, anecdotal experience in our own unit strongly supports the suggestion that following 10 "hernia repairs" on LAPHERT, most paediatric surgery trainees are ready for supervised live surgery.
The element of self-assessment could be perceived as a weakness in this study. It is recognised that medical professionals and trainees are often inaccurate in selfassessment of their skills. [23] Specifically, surgical trainees often overrate their own surgical competence. [24] This aspect of the study design was included in recognition of the importance of "self-directed learning" and regular "portfolio" updates which are of primary importance in the current training era where trainees are encouraged to take responsibility for their own training. The accuracy scoring chart was designed to ensure the self assessment was as consistent and robust as possible. In addition, a local trainee and consultant were available in each centre to adjudicate borderline scores.
There is substantial data from the adult literature on the value of other laparoscopic training models. It is possible to perform entire procedures on cadaveric or anaesthetised porcine models but these come with both practical and ethical considerations. [25] Technology in the form of Virtual Reality (VR) simulators has improved rapidly but costs are high and can be prohibitive. Furthermore, there are real limitations in terms of the nature of the tasks and the degree of haptic feedback provided. [18] [19] [20] Bench trainer models, such as the LAPHERT may not mimic human tissues or anatomy as accurately as biological material; however, there is a substantial body of work which confirms that skills learned are transferable to cadaveric and live surgery. [26] In addition, the model is cheap, portable and a readily available resource that can be accessed and used regularly with and without supervision.
Mandatory continual assessment of surgical competency and professional skills is an increasing part of training in many countries. In some regions and surgical colleges, objective structured clinical examinations (OSCE's) now form part of a regular process of review. Surgical competency should be considered as a combination of both time efficiency and task accuracy. In this study we have demonstrated the model to be a useful tool that measures both these constituent parts of surgical competence.
We conclude that the LAPHERT is a simple, procedure specific bench model for a paediatric surgical procedure. Trainees from the 5 participating centres improved the time taken to perform the constituent parts of the exercise and the accuracy of repair with repetition. By their tenth attempt the skills for this particular task approached that of experts. Trainees developed both procedure specific and generic laparoscopic skills by using the model, allowing them to travel along a valuable Ex vivo learning curve. We suggest that in the context of the current training era, this and other validated models could be a useful part of the formal part of the training portfolio, allowing both self-assessed training throughout the year and comparative competency assessment.
